Background Mesenchymal chondrosarcoma (MSC) is a rare variant of chondrosarcoma. Because of the rarity of the disease, most studies only contain a small number of patients and thus the prognostic variables and role of adjuvant therapies remain controversial. Questions/purposes We therefore asked (1) what the overall and disease-free survival were for patients with this diagnosis at 5 and 10 years; (2) whether there were significant prognostic factors associated with survival; and (3) whether use of adjuvant chemotherapy or radiotherapy was associated with survival in patients with MSC. Methods We retrospectively reviewed the cases of MSC diagnosed from 1979 to 2010 at one referral center. Fortythree cases were identified. Thirty-seven cases were analyzed for demographics, treatments, and outcomes. Thirty patients with localized disease were analyzed for prognostic factors. The minimum followup was 1 month (mean, 6 years; range, 1 month to 17 years). There were 17 females and 20 males. The mean age at diagnosis was 33 years (range, 11-65 years). Nineteen cases were skeletal and 18 cases were extraskeletal. Seventy-six percent of the tumors were located in the trunk. Results Five-and 10-year overall survival was 51% and 37%, respectively. Five-and 10-year disease-free survival was 23% and 5%, respectively. Age (\ 30 years) and male sex were associated with poorer overall and disease-free survival in patients presenting with a localized tumor, respectively. Patients who did not receive radiotherapy were more likely to have a local recurrence. Adjuvant chemotherapy failed to show a significant association with overall, disease-free, metastasis-free, or local recurrence-free survival.
Introduction
Mesenchymal chondrosarcoma (MSC) is a rare variant of chondrosarcoma. Histologically, this tumor is characterized Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. Clinical Orthopaedics and Related Research 1 neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDA approval status, of any drug or device prior to clinical use. This work was performed at the University of Texas MD Anderson Cancer Center, Houston, TX, USA. by a biphasic pattern consisting of well-differentiated cartilage lobules, which resemble those seen in a low-tointermediate grade chondrosarcoma, and a proliferation of undifferentiated blue small round cells that simulate the cell type of Ewing's sarcoma [12, 14] . Reflecting its histological characteristics, MSC shows some clinical features that are similar to Ewing's sarcoma, including (1) highly malignant biological behavior; (2) occurrence in a young adult population; and (3) a high proportion of extraskeletal tumors [4, 14] . Based on these histological and clinical characteristics, current National Comprehensive Cancer Network guidelines suggest treating MSC in a fashion similar to Ewing's sarcoma [1] , including doxorubicin-based chemotherapy. This therapeutic concept, however, is based on a low level of evidence as a result of the exceeding rarity of MSC. Since the first report of MSC in 1959 [11] , only three studies [2, 8, 13] have analyzed clinical course of more than 20 patients with MSC. There remains controversy regarding the prognostic variables and the role of adjuvant chemotherapy and radiotherapy. If one or more of treatment elements such as doxorubicin were to proven to be unhelpful, we would be able to avoid the toxicity associated with them.
The purposes of the present study were to determine (1) what the overall and disease-free survival was for patients with this diagnosis at 5 and 10 years; (2) whether there were significant prognostic factors associated with survival; and (3) whether use of adjuvant chemotherapy or radiotherapy was associated with survival in patients with MSC.
Patients and Methods
After obtaining institutional review board approval, the files of the orthopaedic oncology database and the tumor registry of the University of Texas MD Anderson Cancer Center were interrogated for all cases of MSC diagnosed between 1979 and 2010. Forty-three cases were identified. The diagnosis of MSC was confirmed at MD Anderson by review of relevant pathology slides of all cases. Pathology review was done at the time of diagnosis. One case was excluded because only pathology consultation was performed, and the patient was treated outside MD Anderson. Five cases were also excluded because they were lost to followup within 1 year. The remaining 37 patients represent the subjects of the study. For staging evaluation, all patients underwent CT scans of the chest, abdomen, and pelvis with contrast. Bone scan was performed in all patients with skeletal MSC.
Demographics
There were 17 females and 20 males. The mean age at diagnosis was 33 years with a range from 11 to 65 years ( Fig. 1 ). Nineteen cases were skeletal (Table 1 ) and 18 cases were extraskeletal (Table 2) . Notably, 76% of the tumors were located in the trunk. The interval between the first documented recognition of the tumor and the initiation of treatment ranged from 1 month to 5 years (mean, 6 months). Seven patients (Cases 16, 17, 18, 19, 35, 36 , and 37) presented with metastatic disease.
Treatment
Initial treatments for the primary tumor consisted of tumor excision alone in eight patients, excision and chemotherapy in 13 (preoperative in 10 and postoperative in three), excision and radiation therapy in five (postoperative external beam radiation therapy in three and brachytherapy in three), and a combination of excision, chemotherapy, and radiotherapy in eight (preoperative chemotherapy and radiotherapy in one, preoperative chemotherapy and postoperative radiotherapy in two, preoperative radiotherapy and postoperative chemotherapy in one, and postoperative chemotherapy and radiotherapy in four). Three patients (Cases 16, 22, and 29) did not undergo tumor excision and were treated with chemotherapy (Case 22), a combination of chemotherapy and radiation therapy (Case 16), or palliative care (Case 29). Twenty-three patients were treated with chemotherapy; of these, 11 patients presented for consultation. Their chemotherapy treatment protocols were established and monitored by medical oncologists at MD Anderson but administered by the local oncologist because of social or financial restraints. Doxorubicin-based regimens were used for all 23 but two patients (Cases 16 and 17). A total dose of 40 to 70 Gy (mean, 56 Gy) was used for external beam radiation therapy. 
Margins From Surgical Resections
The primary tumor was excised in 34 patients. The histological margin of the excised tumor was negative in 21 and positive in four. The information of the surgical margin was not available in nine patients.
Statistical Analyses
Survival was estimated using the Kaplan-Meier plots. Impact of adjuvant chemotherapy and adjuvant radiation therapy on overall survival, disease-free survival, metastasis-free survival, and local-recurrence-free survival was Fig. 2A-B Overall and disease-free survival rates of 30 patients who presented without metastatic disease are shown. Overall (A) and disease-free (B) survival curves were estimated using the Kaplan-Meier plots. The date that the histological diagnosis was made was used as ''time 0''. determined using the log-rank test. Also, prognostic significance of age ([ 30 or \ 30 years), sex, tumor origin (skeletal or extraskeletal), tumor site (trunk or extremities), and surgical margin (positive or negative) on those survival curves was assessed by univariate analysis using the logrank test. Age 30 years was used as the cutoff point based on the mean age of the patients. The analysis was performed for the 30 patients who had presented without metastatic disease. In addition, association of chemotherapy with disease-free survival was analyzed in the patients who had presented without metastatic disease and were treated with margin-negative resection of the primary tumor. The date that the histological diagnosis was made was used as ''time 0.'' In metastasis-free survival, patients who did not have metastasis were censored at the last followup date. In local recurrence-free survival, patients who did not have local recurrence were censored at the last followup date. A probability of \ 0.05 was accepted as statistically significant. IBM SPSS statistics Version 19 (SPSS Inc, Chicago, IL, USA) was used to perform the Kaplan-Meier method and the log-rank test.
Results
Overall survival was 51% at 5 years and 37% at 10 years ( Fig. 2A) . Disease-free survival was 23% at 5 years and 5% at 10 years (Fig. 2B ). Metastasis-free survival was 37% at 5 years and 15% at 10 years. Local recurrence-free survival was 85% at 5 years and 68% at 10 years. A total of 29 patients had metastatic disease (78%), including 22 patients who developed distant metastasis during the course of treatment and followup and the seven already mentioned who presented with metastases. The most frequent location of the metastatic disease in skeletal MSC was the bone (10 cases) followed by the lung (seven cases) ( Table 1 ). In extraskeletal MSC (Table 2) , the most frequent metastasis site was the lung (seven cases) followed by bone (four cases).
Among patients who presented with localized disease ( Table 3) , age younger than 30 years and male sex were associated with decreased overall survival (p = 0.039) ( Fig. 3A) and disease-free survival (p = 0.024), respectively. Treatment with radiation therapy was significantly associated with improved local-recurrence-free survival (p = 0.037) (Fig. 3B) . In contrast, none of origin and site of the tumor, surgical margin, and chemotherapy was significantly associated with overall survival, disease-free survival, metastasis-free survival, or local recurrence-free survival. Subgroup analysis was performed for 19 patients who presented with localized disease and were treated with margin-negative resection of the primary tumor. No significant association was noted between chemotherapy and disease-free survival in the analysis of these 19 cases (p = 0.397) ( Fig. 4) .
Discussion
MSC is a rare variant of chondrosarcoma. Because of the rarity of the disease, most studies only contain a small number of patients and thus the prognostic variables and role of adjuvant therapies remain controversial. We retrospectively analyzed 37 patients with MSC to determine (1) survival of patients with this diagnosis at 5 and 10 years; (2) whether there are important prognostic factors associated with longer survival; and (3) whether adjuvant chemotherapy or radiotherapy is associated with longer survival.
The limitations of this study are its retrospective design and inclusion of cases that received surgery outside but chemotherapy on the MD Anderson-monitored protocol. It remains to be determined whether lack of a significant impact of chemotherapy over the survival rates is the result of limited efficacy of the chemotherapy or the selection bias of the patients. A wide array of treatment approaches was used; this limits one's ability to attribute differences to any one particular intervention (such as chemotherapy) because of the possible influence of confounding variables. Collection of the cases over 30 years also represents a limitation because diagnostic imaging and chemotherapy protocols have advanced and changed during these periods of time.
Overall survival of the patients in this series was 51% at 5 years and 37% at 10 years. The 5-year survival was similar to what has been published in previous studies [8, 13] (Table 4) ; however, the 10-year overall survival rate in the present series was higher than that published elsewhere (range, 20%-28% in other reports) [2-4, 8, 13] with the exception of a study by Dantonello et al. ( in which the 10year survivorship was 67%) [4] . This may be the result of the relatively short followup of the present study because the disease-free survival rates were as low as 23% at 5 years and 5% at 10 years. Together with the finding that 78% of the patients eventually had metastasis develop, the results of the present study support the highly malignant biological nature of MSC.
The demographics of our study population (mainly young) and the presentation of tumors in this study (almost half were extraskeletal) were consistent with those documented in previous studies [2, 4, 8, 13, 14] (Table 4 ). In contrast, more MSC was found in the trunk (76%) in the present study than in previous studies, suggesting the presence of possible referral bias.
We found that younger age (\ 30 years) was associated with poor overall survival of patients with localized Fig. 3A-B Prognostic significance of age of the patients and radiation therapy is shown. (A) Comparison of patients younger than 30 years and those older than 30 years. Of 30 patients who presented without metastatic disease, 14 patients were younger than 30 years old. Overall survival of these 14 and the remaining 16 patients older than 30 years was estimated using the Kaplan-Meier plots. A statistically significant difference was noted between the groups by the log-rank test (p = 0.039). (B) Comparison of patients treated with radiation and those without. Of 28 patients who had presented without metastatic disease and had undergone excision of the primary tumor, 10 patients received radiotherapy. Local recurrence-free survival of these 10 and the remaining 17 patients was estimated using Kaplan-Meier plots. The date that the histological diagnosis was made was used as ''time 0.'' A statistically significant difference was noted between the groups by the log-rank test (p = 0.037). disease. This has not been consistently shown in other reports. Dabska and Huvos [3] analyzed 19 patients, 21 years or younger who were part of the original study group reported by Huvos et al. [8] ( Table 4 ). The subgroup of 19 young patients exhibited poorer overall survival rates than the original group, although the differences were not analyzed. Dantonello et al. [4] , on the other hand, reported a 10-year survival rate of 67% in a group of 15 patients who were 25 years of age or younger. The difference may be a function of anatomic location; the study population in the study by Danotello et al. included six cases of MSC of the head/neck, which has a more indolent course than MSC of other anatomical locations [9, 10, [16] [17] [18] . In our study, male sex was associated with poor disease-free survival of patients with a localized tumor. Sex-related differences in the survival rates have not been previously analyzed on MSC in the literature. In a study by Giuffrida et al. [6] , a significant survival disadvantage was noted for male patients by a univariate analysis of 2890 cases with chondrosarcoma. However, although their study included 126 cases of MSC, subset analysis of MSC was not performed. Comparison of skeletal cases and extraskeletal cases showed no significant difference in survival in the present study. These two entities receive the same treatment at our institution. The numbers of each subgroup are 19 (skeletal) or 18 (extraskeletal), which are too small to proceed with comprehensive prognostic analysis. Therefore, we did not divide the analysis by skeletal and extraskeletal cases.
The present study demonstrates a significant association between adjuvant radiotherapy and local recurrence-free survival. In the literature, Harwood et al. [7] reported three cases with MSC showing some response to radiotherapy (complete remission in one and partial response in two). Gelderblom et al. [5] also described in their current review that MSC is more radiosensitive than other types of chondrosarcoma. In regard to survival analysis, Rushing et al. [15] reported 13 cases with MSC in the central nervous system. All patients underwent tumor excision (gross total excision in 10, subtotal excision in three). Of these, 10 patients who had received postoperative radiotherapy showed a trend toward increased overall survival (p = 0.61). To our best knowledge, none of previous studies with MSC showed a significant association between radiotherapy and local recurrence, which can be attributed to the small number of patients and lack of analysis with local recurrence-free survival. Our findings encourage the use of adjuvant radiotherapy in the treatment of MSC.
Current National Comprehensive Cancer Network guidelines suggest treating MSC in a fashion similar to Ewing's sarcoma [1] . Accordingly, doxorubicin-based chemotherapy regimens were used in 21 patients in the present study. This chemotherapy regimen failed to yield a significant impact on overall survival, disease-free survival, metastasis-free survival, or local recurrence-free survival of patients with MSC in the present study. Our cohort was too small to analyze any difference between neoadjuvant versus adjuvant chemotherapy. Histological response to doxorubicin-based neoadjuvant chemotherapy was evaluated in nine patients in which only one case showed necrosis of more than 90% (data not shown). Cesari et al. [2] , in their analysis of 21 patients with MSC who underwent surgical resection with negative margins, demonstrated significantly better disease-free survival in patients treated with chemotherapy than those without who achieved surgical remission. However, the prognostic impact of chemotherapy was not significant in the analysis of all patients with MSC. In our study group, 19 patients with localized disease were excised with negative margins. Analysis of these 19 patients demonstrated no significant association between chemotherapy and disease-free survival ( Fig. 4) . Our findings raise the question as to the efficacy of doxorubicin-based chemotherapy regimens in the treatment of MSC.
Metastasis developed frequently in the lungs (14 cases) and the bones (14 cases) in the present study. Notably, bone metastasis was noted in 53% (10 of 19) of skeletal MSC, suggesting the importance of bone surveillance, in addition to lungs. In the literature, the most frequent site of metastasis was documented as the lung [8, 13] . However, skeletal MSC and extraskeletal MSC were mixed together in analysis of those studies.
In conclusion, the present study supports the role of adjuvant radiotherapy for MCS in local control of the tumor. Lack of a significant association between chemotherapy and survival rates of the patients with MSC suggests requirement of more efficacious protocols than the current doxorubicin-based ones. Because MSC showed a highly malignant nature with propensity of metastasis, aggressive systemic therapy is still needed. Our current approach to MSC includes (1) neoadjuvant radiotherapy in case an adequate margin is considered difficult to achieve; and (2) neoadjuvant chemotherapy with an attempt to define efficacious reagents.
